Cellular internalization and intracellular trafficking of particles depend on their specific 2 2 3 1 the sign of cell death whereas, in our study, massive vacuolation by GB did not induce any cell 3 2 death. Moreover, GB treated cells survive with complete vacuolar process, which was reversed 3 3 following post-treatment with vacuole inhibitors in GB treated cells, suggesting normal vacuolar 3 4 function is essential for cell survival. In immunoblotting, upregulation of LC3-II was found in 3 5 GB treated cells. Treatment of the cells with GB was also found to induce translocation of the 3 6 LC3 protein from the nucleus to vacuolar membrane by immune-cytochemistry, indicating LC3 3 7 associated phagocytosis (LAP) like function. This was found to be reversed in the cells treated 3 8 with vacuole inhibitors. The vacuolar function essential for cell survival, preserves mechanistic 3 9
0
Foundation Trust, NH-58, Haridwar-249405, Uttarakhand, India. The dynamic process of vacuole biogenesis involves particle internalization, phagosome 2 3 4 formation, fusion of endocytic pathway, and finally phagolysosome formation. The pH of these 2 3 5 vacuolar organelles ranges from 6.5-5.0, while pH of the primary lysosome is 4.5 [20, 44, 45] . We examined the solubility of GB under physiological conditions (pH 7.4) to 2 3 7 vacuolar/lysosomal acidic conditions (pH 4.5) in cell free environment. GB particles were 2 3 8 incubated in different pH condition (4.0-7.5) of PBS buffer solution, and turbidity test (580 nm) 2 3 9 was done in time points 15 min, 90 min, 3, 6, 12 and 24 h (Fig. 5B ). In the buffer solution of pH 2 4 0 7.5, GB maintained their original size indicating that GB was insoluble at physiological 2 4 1 conditions. By contrast, GB was disintegrated under acidic conditions at a pH value similar to 2 4 2 phagolysosomes. This size of GB particle at physiological conditions was larger where these 2 4 3 particles were dissolved under acidic conditions ( Fig. 5C ), which is consistent with the 2 4 4 assumption that particle was degraded to a smaller size in vacuole because anhydrous calcium 2 4 5 sulfate shows solubility at pH range 4-6. Initially, 3T3-L1 cells were treated with different concentrations (0-2.5 mg/ml) of GB for a 2 4 9 period of 24 h to test its effect on cell viability. After endpoints, no significant signs of toxicity 2 5 0 were observed in all tested concentrations of GB in 3T3-L1 cells (values over 100% should be 2 5 1 considered as complete viability). Further, the effect was examined after the 48, 72 and 96 h of 2 5 2 treatment on the cell viability of 3T3-L1 ( Fig. 6A ) and it was not found toxic to the cells. To 2 5 3 explore the cytotoxic effects of GB at various concentrations (0-2.5 mg/ml) in six other cells lines 2 5 4 (Neuro 2a, A549, MDA-MB231, MCF-7, HCT-116, and HeLa), cells were analyzed after 24 h of 2 5 5 treatment; no toxicity was observed ( Fig. 6B ). Furthermore, the effects of GB on cell proliferation 2 5 6 were investigated using in vitro scratch assay. The cell-free scratch area in control, as well as GB, 2 5 7 treated 3T3-L1 cells were closed at 8 h post-scratch (Fig. 6C ). This finding clearly indicated that 2 5 8 GB does not cause any significant effect on cell viability as well as cell proliferation. Activation of the caspase-3 pathway is a characteristic of apoptosis, and to determine the 2 6 0 involvement of caspase-3 in GB induced vacuolation, the activation of caspase-3 by colorimetric 2 6 1 caspase-3 assay system at different time points was examined. Exposure of 3T3-L1 cells to 2 6 2 Bhasma particles (0.15 mg/ml) for 0, 2.5, 5, 10 and 24 h caused no increase in caspase-3 activity 2 6 3 1 0 compared to a positive control (caspase-3). Untreated cells were used as a negative control (data 2 6 4 not shown). In our experiment, we found that GB induces massive vacuolation without any cell death. The 2 6 9 vacuoles were reversible as particles were degraded and following vacuolar turnover. To prove 2 7 0 the vacuolar function in survival of GB induced vacuolated cells, we introduced vacuole 2 7 1 inhibitor BFA1 (100nM) and CQ (1µM) after 24 hours of GB treatment in 3T3-L1 cells. We 2 7 2 performed cell toxicity assay after 48 hours of the inhibitors addition, and found a significant cell 2 7 3 death in GB+BFA1 ( Fig 6D) and GB+CQ ( Fig 6E) compared to respective controls. The result 2 7 4 indicated that cell death occurs due to irreversible or defective vacuole by inhibition of vacuolar 2 7 5 function with the post treatment of the vacuole inhibitors. LC3-associated phagocytosis (LAP) is a phenomenon distinct from autophagy, wherein LC3 2 7 9 translocation occurs to particle containing phagosome. To identify the LAP-like LC3 lipidation, 2 8 0 we performed immunocytochemistry with LC3A/B antibody in GB induced vacuolated cells 2 8 1 ( Fig. 7A and S6 ). The result indicated that LC3 protein is accumulated in the nucleus of GB induced vacuolated cells for 18 h. We found that the accumulation of LC3 (lipidated LC3) 2 8 7 was suppressed on the vacuolar membrane/periphery, whereas LC3 expressed in whole cell. The 2 8 8 present findings indicated that the LC3 protein have an important role in GB induced vacuolar 2 8 9 function through LAP like mechanism. Also, we estimated LC3 expression in cell lysate of 2 9 0 3T3L1 in different time points after GB addition compared to untreated control and CQ 2 9 1 treatment (autophagy inhibitor) ( Fig. 7B ). The expression of LC3 increased in GB treated 2 9 2 samples compared to untreated control where as in CQ it was highly expressed. The result 2 9 3 indicated that the expression of LC3 is in steady state in GB treatment suggesting LAP like 2 9 4 1 1 function involved in vacuolar process. However, in CQ treatment autophagosome 2 9 5 accumulation is enhanced due to inhibition of Autophagy flux. To understand the role of 2 9 6 vacuole inhibitors in LAP machanism, we examined LC3 expression with GB, BFA1 and CQ 2 9 7 alone and GB combined with post BFA1 or CQ treatment in 3T3L1 cells by western blotting 2 9 8 ( Fig. 7C ). The cell lysates were prepared after 18 h of BFA1/CQ treatment. We found that LC3 2 9 9 was highly expressed in presence of BFA1 and CQ with or without GB treatment. Whereas 3 0 0 moderate LC3 expression was found in only GB treatment compared to untreated control. We The present study sheds lights on the vacuole biogenesis induced by Godanti bhasma (GB) and [47]. The present finding supports the ancient concept of the Bhasma formulation. Surface charge of particle is an important factor for cellular internalization. It is obvious that the 3 1 9 interaction between positively charged particles with negatively charged cell membrane increase 3 2 0 cellular uptake [48, 49] . It is interesting to observe from our experiments that gypsum which is 3 2 1 near to neutral charge was not capable to induce vacuole formation while neutral charged GB 3 2 2 particle induced vacuolation effectively. Therefore, our present study reveals that charge is not 3 2 3 an important factor for cellular internalization of GB particle. The possible reason of such internalization of GB particles might be its structural rearrangement 3 2 5 that facilitated to recognize cell surface receptors and, thus permeating into cells by receptor-3 2 6 mediated cellular uptake. Receptor-ligand interaction during phagocytosis is well studied,
Fcγ receptors which recognize particles coated immunoglobulin G is the most widely studied 3 2 8 example of phagocytosis [24] . However, few studies have been reported on the interaction of mechanisms of endocytosis. However, the extensive study will be needed to understand the 3 3 5
interaction between GB particle bound ligand and cell surface receptors, and downstream 3 3 6 molecular mechanism.
3 3 7
Flow Cytometry images revealed phagocytic cup formation at the time of particle internalization. The phagocytic cup formation is well established by many authors [23, 42, 43] . After particle lysosomes, and phagolysosomes [25, 26] .
Further flow cytometry analysis of cell lysate indicated that the internalized particles were found 3 4 8
to be degraded slowly. The degradation was also clearly confirmed by time lapse microscopy 3 4 9
targeting single cell with intravacuolar GB particle. The intracellular degradation of GB particles 3 5 0 observed in endocytic vacuoles was due to its acidic environment. In our study, the vacuolar fails, cells usually die quickly. In our experiment, post treatment of BFA1 and CQ in vacuolated cells by GB showed a significant cell death compared to GB and BFA1/CQ control. Therefore, it 3 7 8
is confirmed that the vacuole inhibitors stopped the vacuolar function by increasing pH in suggested that LC3 lipidation is completely blocked by BFA1 treatment. Based on previous 3 9 2 report and our current finding, it can be concluded that LAP like function is essential for purpose. Also, cell restored its normal morphology by decreasing vacuolar volume which is 3 9 8 associated with cellular protection from potential damaging swelling pressures. GB is a traditional medicine used in India since a long time for treating mainly digestive will be a powerful model to study vacuole biogenesis and will undoubtedly identify novel For the preparation of GB, initially, raw gypsum was coarsely powdered and washed with warm 4 0 9
water. Then, it was suspended in sufficient quantity of lemon (Citrus limon L. Osbeck) juice and 4 1 0 then subjected to moderate heat (~80 °C) for 90 min. The obtained material was washed with 4 1 1 warm water, dried and used for further process. In the next step, the purified powder was placed 4 1 2
in an earthen crucible and subjected to Gaja Puta (classics nomenclature used for the quantum of Further, the surface morphology and particle size distribution of GB sample were observed by 4 2 8
Field emission scanning electron microscopy (FESEM) (TESCAN; model: MIRA3) technique.
2 9
For this sample was anchored on the sample holder, and morphology was probed on selected 4 3 0 points to determine elements with the help of detector inbuilt with energy dispersive X-ray For cell culture experiment, GB powder (100 mg) was suspended with complete DMEM media 4 5 1
(1 ml supplemented with 10% FBS) by vortexing, and leave the tube on a stand for 1 min to 4 5 2 settle down larger particle, serial dilution was done using 500 µl of GB suspension. All cell Cell viability was determined using MTT assay in 3T3L1. Cells were seeded (7500 cells/well) in was added into each well to achieve a final concentration of 0.45 mg/mL before incubated for 3 h 4 6 3 at 37 °C. After 3 h, the culture medium with MTT was carefully removed followed by addition Cells were seeded in a 6-well plate (0.5x10 6 cells/well), incubated up to 100% confluent. Cells Caspase assay 4 7 7
The Caspase-3 colorimetric assay was also conducted according to manufacturer instructions 4 7 8
(Sigma-Aldrich, MO, USA). 3T3-L1 cells were treated with Bhasma for 0, 2.5, 5, 10, and 24 h. The concentration of the p-nitroanilide (pNA) released from the substrate was calculated from 4 8 0
the absorbance values at 405 nm. Three samples were done for each time points. Cells were grown on glass coverslips, treatment was done for a specific period, the cells were 5 0 0 incubated with acridine orange (1 mg/ml) (High media, India) for 15 min at 37 ºC followed by 3 5 0 1 PBS washes, and then immediately observed under a fluorescence microscope (Mantra, 5 0 2
PerkinElmer). Cells were cultured in culture disc up to 70% confluency, GB treatment was done for 18 h after 5 0 6 treatment cells were washed 5 times with PBS to remove extracellular particle, cells were 5 0 7
trypsinized, centrifuged (1000 rpm for 10 min) to make pellet. Cells were re-suspended in PBS, fixed cells (without section), cells were also grown on the cover glass, treated with GB particle, 5 1 4
fixed with 10% formalin (30 min) and washed 3 times. The processed cells were further 5 1 5
characterized through FESEM and EDX stated above. The whole procedure was done from three 5 1 6 different samples. Further images of FESEM and EDX was done from each samples. Cells were seeded (0.2x10 6 cells/ well) in 12-well plate and cultured for 24 h, GB treatment was Imaging Flow Cytometers, Millipore, USA). Individual cell images were collected from Flow 5 2 3
cytometer image library and analysis was done. For particle analysis, cells were cultured (0.2x10 6 cells/ well) in 12-well plates for 24 h, 5 2 5 treatment of GB was done at different time period (1h, 7h, 14h and 24h), culture media were 5 2 6 collected in 1.5 ml tubes, the cells were washed with PBS (5 times) to remove particles present Cells were grown up to 70% confluency in petridish. GB suspension was added into the culture up was kept in a CO 2 incubator. Movie was made using captured images by software Image J.
3 8
The time lapse microscopy was done three times. KCl, 1 mM Na 2 HPO 4 , 140 mM NaCl) at different pH (7.5, 7.0, 6.5, 6.0, 5.5, 5.0, 4.5 and 4.0) 5 4 3 was made. GB powder (100 mg) was suspended in water, mixed by vortex, and kept in a stand absorbance are plotted (mean ± SD). After 24 h of treatment, images of particle were taken by 5 4 8 light microscope (Zeiss, Primovert). After treatment, cells were washed with PBS (2 times) and fixed with 4% paraformaldehyde for with increasing times upto 24 h, (I) Cells were treated with GB+BFA1 and BFA1 alone. BFA1 (G-J) are presented as the mean ± SD (n=6). 
